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[57] ABSTRACT 

A radiation-sensitive composition is disclosed which 
includes (a) a binder insoluble in water but soluble in or 
capable of being swelled in an aqueous alkali solution, (b) 
a dissolution inhibitor composed of (bl) a poly(N,0-acetal) 
having a general formula: 

-(-CHR 3 — O— R 4 — X— NR 5 }^ 



wherein R 3 is alkyl or substituted or unsubstituted aryl, R 4 
is a divalent group selected from alkylene, cycloalkylene, 
alkene or alkyne, R 5 is alkyl, alkene, alkyne or cycloalkyl, 
X is — OCO — , — CO — or — NHCO — , and p is a number 
not less than 1, and/or (b2) a phenol compound having a 
hydroxyl group which is protected by a group which can be 
cleaved in the presence of an acid, (c) a photosensitive 
compound capable of generating an acid when exposed to an 
active radiation, (d) a base capable of being decomposed 
when exposed to an active radiation to form a neutral 
compound derived therefrom, (e) a plasticizer, and (f) a 
solvent. 

14 Claims, No Drawings 
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RADIATION-SENSITIVE COMPOSITION with other alkyl-substituted vioyl phenol. Such copolymers 

CONTAINING PLASTICIZER are disclosed in European patent application laid-open pub- 
lications Nos. 307,752 and 307,751, and Japanese patent 

BACKGROUND OF THE INVENTION application laid-open publication No. 2-166,105 (1990). 

This invention relates to a radiation-sensitive composition 5 0lher copolymers of 4-hydroxy-styrene are disclosed in 

suitable for the manufacture of electronic elements, printing Maruzen Petrochemical kabushib-kaisha Laboratory "Basis 

plates or the like. and Application of Vinyl Phenol," (1991) p. 71. 

In recent semiconductor-chip manufacturing processes, / Essentially, there is known two methods for using poly 

the chip dimension has been increasingly reduced. In 1rt ( 4 ~™y { P he r no1 ) soluble in aQ *&* h solu J lon and ^P 0 ^" 

consequence, there is a demand for improved lithographic 10 mer * ™ the resist mixture The first conventional 

techniques which may be applicable to the production of method includes adding completely or partly a protective 

patterns whose size is less than micron. Such improved S rou P ca P able of bem 8 clea * cd 10 the P resence of M acid > 

lithographic techniques known in the art have used an * a "ydroxyl group to render the polymer soluble in an 

exposure means such as those using a high-energy ultra- 1C alkali solution. In this method, a mixture of such a protected 

violet light (248 nm, 193 nm, etc.), an electron beam, an 15 polymery a solvent and a photo-acid-generating agent 

X-ray or the like. In addition, the improved lithographic described below is first produced. The mixture is exposed to 

techniques have caused change in requirements for proper- a radiatlon t0 generate an acid so that a protective group 

ties or characteristics of a radiation-sensitive (resist) mixture havm S a sensitivity to the acid, is released from the hydroxy 1 

used therein. For example, the requirements therefor have g rou P- 

been documented in C. G. Wilson, "Organoresist Material- The protective groups used in the aforementioned first 

Theory and Chemistry" in the literature "Micro-Lithography conventional method include a t-butyloxycarbonyloxy 

Guidance; Theory, Material and Treatment" (L. F. group and derivatives thereof (Ito et al., "J. Photopolym. 

Thompson, C. G. Wilson and M. J. Bowden ACS Symp. Scie. & Tech.," Vol. 6, No. 4 (1993) pp. 547), or a tetrahy- 

Ser., 219: 87(1983), American Chemical Society, dropyranyl group (Hattori et al., "J. Photopolym. Scie. & 

Washington). Pursuant to the documented article, there has Tech.," Vol. 6, No. 4 (1993) pp. 497). The second conven- 

been an intense demand for a radiation-sensitive mixture tional method is such that poly-(4-vinylphenol) is mixed 

exhibiting a sensitivity to a light with a wide spectral range witn a dissolution inhibitor such as polyacetal, which is 

and applicable to not only conventional photolithographic sensitive to an acid, as disclosed by Pawlowski et al. in "J. 

techniques but also recent improved techniques in which a Photopolym. Scie. & Tech.," Vol. 15, No. 1 (1992) pp. 55. 

middle ultra-violet light (mid UV) or a deep ultra-violet light The mixture is insoluble in an aqueous alkali developer 

(deep UV), an electron beam or an X-ray is used. before exposure to a light. However, when exposed to a deep 

In order to produce a radiation-sensitive mixture exhib- ultra-violet light, the mixture is rendered soluble in the 

iting a high sensitivity to a high-energy radiation, a chemi- aqueous alkali developer since the dissolution inhibitor is 

cally sensitized resist has been widely used. Such a 35 c l eave d thereupon. 

radiation-sensitive mixture is first disclosed in H. Ito and C. In addition, there is known the so-called photo-acid- 

G. Wilson, "Polym. Eng. Sci.," Vol. 23, 1012 (1983). generating agent, which is a compound capable of generat- 

Generally, individual protons generated upon irradiation are ing a strong acid by the light irradiation, such as a diazonium 

caused to react catalytically with the radiation-sensitive salt, a phosphonium salt, sulfonium salt of non-nucleophilic 

mixture at room or higher temperature depending on its 40 acid such as HSbF6 or HAsF6 as disclosed in J. V. Crivello, 

chemical composition. This catalytic reaction imparts a high "Polym. Eng. Scie.," Vol. 23 (1983) p. 953. Moreover, other 

sensitivity to the radiation-sensitive mixture and is generally compounds known as photo-acid-generating agents include 

known as chemically amplified resists (CAR) to those halogen compounds such as, especially, trichloromethyl- 

involved in this field. triazine derivatives and trichloromethyl-oxadiazole 

In semiconductor industries, it is assumed that the 45 derivatives, o-quinone-diazido-sulfochloride, o-quinone- 

radiation-sensitive mixture (hereinafter referred to merely as diazido-4-sulfonic acid ester, a mixture of an organic metal 

"resist mixture") must be developed by using an alkali aQ d an organic halogen, bis-(sulfonyl)-diazomethane, 

solution. The alkali solution is suitably an organic base sulfonylcarbonyl-diazomethane (refer to DE-A 3,930,087) 

solution such as an aqueous solution containing 2 to 3% by or nitrobenzyltosylate, as disclosed in F. M. Houlihan et al., 

weight of tetramethyl ammonium hydroxide (TMAH). 50 " SPIE V* 0 ^' Adv - m Resist Tech. and Proa," Vol. 920 

In order to render the resist mixture developable with such (1988) p. 67. 
an alkali solution, it is most desirable that the resist mixture Principally, the chemically-sensitizable photoresist could 
contains a novolak resin or a homopolymer or a copolymer be satisfactorily produced by mixing a matrix resin soluble 
of vinyl phenol. In a photolithography, the use of the in an aqueous alkali solution, a dissolution inhibitor and the 
novolak resin is limited to the case where a radiation having 55 photo-acid-generating agent with each other in a common 
a wave length greater than 300 nm is used, because the resin solvent. In this case, the dissolution inhibitor is not required 
exhibits a high absorption to those having a short wave in case there is used, as the matrix resin, a poly- 
length. That is, the high absorption of the novolak resin (hydroxystyrene)-based resin which contains the phenol 
adversely affects a quality of the product so that a resist group protected by an acid-sensitive protective group, 
image -forming wall portion has an extremely inclined sur- 60 Chemically amplified resists suffer from latent acid image 
face. On the other hand, a vinyl phenol resin can be used in instability due to the diffusion and loss of generated acid 
a deep UV lithography only in the case where it has a desired causing the width slimming or T-top formation. These 
dissolving characteristic and a high optical permeability in deficiencies become remarkable when delay is caused dur- 
combination. Poly-(4-vinyl phenol) exhibits a considerably ing a baking process upon and after the exposure to a light, 
high solubility when used singly, and therefore is unsuitable 65 Measures to overcome these problems have been widely 
for such a use per se. One method for reducing the solubility suggested in the published literatures, for example, in "Air- 
to a proper level is such that 4-vinyl phenol is copolymerized borne Chemical Contamination of a Chemically Amplified 
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Resist," in S. A. MacDonald et al., "Advances in Resist The above and other features and objects of the present 

Technology and Processing," and in Hiroshi Ito, "Proc. invention will become more apparent from the following 

SPIE," Vol.2, No. 12(1991) pp.1466. Id addition, L. Schlegel detailed description and the appended claims, 
et al. have studied another problem concerning diffusion of 

chemically sensitized resist materials (refer to L. Schlegel et 5 DETAILED DESCRIPTION OF THE 

al., "Japanese Journal of Applied Physics,", Series 5 (1991) PREFERRED EMBODIMENTS OF THE 

pp. 175-180). INVENTION 

To avoid such problems, it has been suggested that ^ . 

additives such as a photo-base or a photodegradable base ^ radiation-sensitive composition according to the 

material are added to the conventional composition prevent 10 P resent ™* nhon coatams the components (a) to (f) as 

reduction in the line width (Japanese patent application described above. 

laid-open publication No. 5-25,753 filed on Feb. 15, 1993). The binder (component (a)) used in the radiation-sensitive 

However, the resist mixture does not necessarily have a composition according to the present invention, includes, for 

sufficient focus latitude (Depth of focus). example, polymers containing a phenol group, polyacrylic 

ci ixviiwf a d v ttjc im/uMnnM 15 acid derivatives > polymeth acrylic acid derivatives, polyvinyl 

SUMMARY OF THE INVENTION « alcohol 0f the ^ ^ preferred binder ^ a polymer 

It is therefore an object of the present invention to provide containing a phenol group such as poly(4-hydroxystyrene). 

a radiation-sensitive composition having a large focus lati- The hydroxyl group of poly(4-hydroxystyrene) is protected 

tude (depth of focus), a high transmittance of deep ultra- partially by a protective group which can be cleaved in the 

violet light, KrF-excimer-laser beam or the like and a high 2Q presence of an acid. Examples of the preferred protective 

sensitivity to a light beam, an electron beam and an X-ray, groups include t-butyloxycarbonyl, ethoxyethyl, 

and exhibiting an excellent heat resistance and an excellent tetrahydropyranyl, trialkylsilyl or the like, 

adhesion to a substrate, whereby a given pattern can be Typical examples of the binder (component (a)) include a 

obtained at high accuracy but without deterioration in homopolymer or a copolymer of 4-hydroxystyrene. In the 

dimension thereof with an elapsed time. 25 case 0 f the copolymer, co-monomers thereof may be gen- 

In accordance with the present invention, there is pro- erally available monomers such as styrene, acrylic acid ester 

vided a radiation-sensitive composition comprising; or the like. For example, the co-monomers may be alkylated 

(a) a binder insoluble in water but soluble in or capable of derivatives such as styrene, 3-methyl-4-hydroxy-styrene, 
being swelled in an aqueous alkali solution, tetrahydropyranyloxystyrene or t-butoxycarbonyloxy- 

(b) a dissolution inhibitor composed of (bl) apoly(N,0- 30 styrene. Examples of the preferred co-monomers include 
acetal) having the following formula (I): poly(hydroxystyrene), poly(4-hydroxystyrene-co-3-methyl- 

4-hydroxystyrene) or poly-(4-hydroxystyrene-co-styrene). 

-(-chr 3 — o— r 4 — x— NR 5 ^- (i) The co-monomers are more preferably those containing 2 to 

50% by weight of styrene. 

wherein R 3 is alkyl or substituted or unsubstituted aryl, R 4 35 The dissolution inhibitor (component (b)) may be com- 

is a divalent group selected from alkylene, cycloalkylene, posed of monomers or polymers. The suitable polymers are 

alkene or alkyne, R 5 is alkyl, alkene, alkyne or cycloalkyl, those capable of being decomposed to monomeric units by 

X is — OCO — , — CO — or — NHCO — , and p is a number an acid at room or higher temperature. The dissolution 

not less than 1, and/or (b2) a phenol compound having a inhibitor should have an ability to prevent dissolution of the 

hydroxyl group which is protected by a group which can be 40 binder (component (a)) in an aqueous alkali solution. In case 

cleaved in the presence of an acid, the dissolution inhibitor is polv( N : ^ O-acetal ) having the 

(c) a photosensitive compound capable of generating an aforementioned general formula (ijTtfiey may be produced 
acid when exposed to an active radiation; by subjecting an ure thane -alcohol component and aldehyde 

(d) a base capable of being decomposed when exposed to dimethylacetal to an ester interchange reaction in the pres- 
an active radiation to form a neutral compound derived 45 ence of an acid catalyst. The condensation degree and 
therefrom; molecular weight distribution thereof may be controlled by 

(e) a plasticizer; and varying the polycondensation conditions. Further, the dis- 

(f) a solvent. solution inhibitor may be a phenol compound having a 
The radiation-sensitive composition according to the hydroxyl group protected by a group which can be cleaved 

present invention is used, for example, in the form of a film 50 in the presence of an acid. Examples of suitable phenol 
which is coated on a substrate. The film is selectively compounds include poly-(hydroxystyrene), poly-(4- 
exposed to a light and thereafter is subjected to heating and hydroxystyrene-co-3-methyl-4-hydroxystyrene) and poly- 
developing treatments to obtain a pattern thereon. Develop- (4-hydroxystyrene-co-styrene). Examples of preferred pro- 
ment of the positive-type film is carried out by removing an tective groups for the hydroxyl group of the phenol 
exposed portion thereof while development of the negative- 55 compound include t-butyloxycarbonyl, ethoxythyl, tetrahy- 
type film is carried out by removing unexposed portion dropyranyl and trialkylsilyl. 

thereof. In the case of a negative-type film, the component Incidentally, there can be used a single compound which 
(b) may be replaced with a cross-linking agent. Examples of has not only the functions of the component (a) including an 
such cross-linking agents include, for example, hexam- alkaline solution solubility, film-formation and thermal sta- 
ethoxymethylmelamine. In addition, the radiation-sensitive 60 bility but also those of the component (b) including an 
composition according to the present invention is suitably ability to prevent the dissolution of aforementioned phenol- 
used in manufacture of semiconductors due to a high type resin (a) in an aqueous alkali solution. In such, a case, 
sensitivity, a high adhesion to a substrate and a high process a single compound can be produced by the covalent-bonding 
latitude thereof. In this case, the radiation composition can of an acid-sensitizable group such as a tetrahydropyranyl 
be developed by using an aqueous alkali solution which is 65 group and a t-butoxycarbonyl group to the hydroxy group of 
generally used as a developer in conventional the phenol compound. Thus, when the component (a) is a 
semiconductor-manufacturing processes. polymer containing phenol groups whose hydroxyl groups 
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are sufficiently protected by protective groups which can be resist composition can exhibit improved resolution and 

cleaved in the presence of an acid, the addition of the depth of focus. Further, such compounds serve to plasticize 

component (b) may be omitted. The content of the hydroxyl the components (a) and (b) to enhance a film-forming ability 

groups protected by the protective group may be 0 to 60 mol of the resist composition. Incidentally, in order to improve 

% based on a total amount of the hydroxyl groups contained 5 tne storage stability of a film composed of the resist 

in the components (a) and (b). composition, there are occasions that a wafer on which the 

. , .. , , . / w • resist composition is coated, is subjected to an annealing or 

* Photosensitive compound (component (c)) is one 5aJd P in which the resist composition is heated t0 * its 

capable of generating an acid when exposed to an active ^ transitioQ temperaturej T or lQ this casc> resist 

radiation. Examples of suitable photosensitive compounds com p 0 sitions containing low thermally stable components 

mclude a diazomethane compound, an lodomum salt, a ™ decompose before reaching the glass transition temperature, 

sulfonium salt, a halogen compound and an o-quinone- Tg, of the resist composition. On the other hand, in case the 

diazido-sulfonic acid ester. The preferred photosensitive plasticizer is added to the resist composition, the glass 

compounds (c) are those represented by the general formula transition temperature, Tg, thereof is lowered, whereby the 

(HI): composition can be subjected to the heat treatment without 

15 suffering from such a thermal decomposition. Specific 

Ar— so 2 — c(N2>— Y— Ar* (in) examples of the plasticizer (component (e)) include, though 

, A , . J , . , t , , , not restricted thereto, terephthalic acid-bis-(2-hydroxyethyl) 

wherein Ar and A? are independently phenyl, chlorophenyl, ^ phthalk acid . di . n . octyl ester> benzoic ac id-n-hexyl 

toluene, alkyl or the combination thereof, and Y is -SO— ester> N -methylcarbamic acid-2-bydroxyethyl ester, 

_CO— or (Ar") 3 S + R 6 S0 3 - wherein Ar" is phenyl and R 6 20 N -propylcarbamic acid-2-hydroxyethyl ester, 

is alkyl or halogenated alkyl. More preferably, the photo- N-propylcarbamic acid-3-hydroxy-2, 2-dimethylpropyl 

sensitive compound is one which is capable of generating a ester> N<yc i 0 hexylcarbamic acid-2-hydroxyethyl ester and 

sulfonic acid, and has a proper thermal stability and an N-n-hexylcarbamic acid-2-hydroxyethyl ester, 

advantageous absorption to a radiation beam having a wave ^ ^ content of the ra diation-sensitive composition, 

length of preferably 220 to 380 nm, particularly preferably 25 which ^ equal to a total content of the components (a) to (e), 

248 nm. Important compounds as the photosensitive com- ^ in the range of 10 10 50% by weight, preferably 15 to 25% 

pound include a phenol-based sulfonic acid ester, bis- by weight based on a total amount of the radiation-sensitive 

sulfonyl methane and bis-sulfonyl diazomethane. composition. The weight ratio of the component (a) to the 

Above all, particularly preferred are sulfonic acid- component (b) is in the range of 100:0 to 50:50, depending 
sulfonium compounds such as sulfonic acid- 30 upon molecular weights and chemical properties of the 
triarylsulfonium, bis-(4-chlorophenylsulfonyl) components (a) and (b), and a solubility of the component 
diazomethane and sulfonic acid-camphorsulfomum. ^ t0 an aque0 us alkali developer. When the thus- 
Specific examples of the sulfonic acid-sulfonium com- formulated radiation-sensitive composition is applied to a 
pounds may include alkylsulfonic acid-triphenyl-sulfonium, pa t t e ra formation in manufacture of a semiconductor, a film 
alkyl- or halogen-substituted arylsulfonic acid- 35 composed of such a radiation-sensitive composition can be 
triphenylsulfonium and fluorinated alkylsulfonic acid- uniformly coated over a substrate wafer such as silicon, 
triphenyl-sulfonium. In addition> me weight ratio of the component (a) to the 

The preferred photosensitive base (component (d)) may component (b) is preferably determined depending upon a 

be an onium salt containing an acetate ion (anion), a dissolution rate of the component (a) into an aqueous alkali 

sulfonium ion and an ammonium ion. Particularly useful ^ Particularly preferred weight ratio of the compo- 

• compounds as the base may include triaryl sulfonium and nent (a) t0 the component ( b ) is in the range of 80:20 to 

derivatives thereof, and diphenyliodonium and derivatives 60:40. 

thereof. The amount of the base (component (d)) used in the ^ amount of the componeD t ( c ) is in the range of 0.2 to 

radiation-sensitive composition of the present invention 5% by weight, preferably 1 to 3% by weight, based on a total 

varies depending upon the absorption thereof and the 45 am0U ntof the components (a) and (b). In this case, it should 

amount of the photo-acid-generating agent (c) used. be QOled that ^ absorpt i on of th e component (c) is an 

The preferred plasticizer (component (e)) may include f act0 r for determining its amount used in the 

those ester compounds represented by the general formula composition. Further, a necessary amount of the component 

(d) is determined depending upon the amount of the com- 
50 ponent (c). The amount of the component(e) used is pref- 

^ erably in the range of 0.1 to 10% by weight, more preferably 

-cor)„ 1 to 5% by weight. The absorption of the plasticizer 

(component (e)) is one of the important properties. 
Specifically, the plasticizer may be made of a materiel 

wherein R is substituted or unsubstituted alkyl having 1 to 55 having a low absorption to a wave length of radiated light. 

20 carbon atoms, and n is a number of 1 or 2. Although a mixture of only the components (a) to (d) 

Specific examples of the preferred radical R in the above dissolved in a generally used solvent provides a resist 

general formula (II) may include alkyl groups such as material, the addition of the component (e) can achieve an 

methyl, ethyl, n-hexyl and n-octyl, cycloalkyl groups such improvement in a film-forming ability, an adherence, a 

as cyclohexyl and a hydroxyalkyl group. In this case, a 60 resolution and a depth of focus of the resist material, 

hydrogen atom of the radical R may be substituted with The solvent (component (f)) is not restricted to any 

—OH or a halogen atom such as F or CI. particular solvent as far as the solvent can dissolve the 

The aforementioned compounds used as the component components (a) to (e). From the standpoint of safety, 

(e) are useful to enhance a compatibility between compo- dissolution, a boiling point, and film -forming ability, 

nents in the resist (radiation-sensitive) composition, improve 65 examples of preferred solvents may include propylene 

the adhesion thereof to a substrate and increase a contrast of glycol-monomethyl-ether acetate (PGMEA), ethyl lactate 

the pattern formed on the resist composition, whereby the (EL)-Cellosolve acetate or the like. 
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In the radiation-sensitive composition according to the 
present invention, each of the components (a) to (f) is used 
singly or in the form of a mixture of two or more different 
compounds. 

The radiation-sensitive composition according to the 
present invention can be used for pattern formation in the 
manufacture of semiconductor devices. In this case, the 
pattern formation is performed as follows. 

First, the radiation-sensitive composition according to the 
present invention, is coated over a substrate such as a silicon 
wafer to form a film thereof having a thickness of 500 to 
2,000 nm. The film is placed in an oven and then heated at 
60° to 150° C. for 10 to 30 minutes. Alternatively, the film 
may be placed on a hot plate and then baked at 60° to 150° 
C. for 1 to 2 minutes. The resultant resist film is masked with 
a masking material for forming a desired pattern thereon. 
The masked resist film is then exposed to a deep ultra-violet 
light having a wave length of 300 nm or less at an exposing 
amount of about 1 to 100 mJ/cm 2 . Successively, the deep 
UV-exposed film is developed with a developer solution 
such as an aqueous solution containing 0.1 to 5% of tetram- 
ethyl ammonium hydroxide (TMAH) for 0.5 to 3 minutes by 
using either an immersion method, a spraying method, a 
puddle method or other usual methods, whereby the desired 
pattern is formed on the substrate. 

The present invention will be described in more detail 
below by way of examples. Percentages appearing through- 
out the examples are indicated on the weight basis. 

REFERENCE EXAMPLE 1 

Synthesis of poly-N,0-acetal 

59.11 g of propylamine was gradually added dropwise 
from a funnel into 102.09 g of 4-methyl-l,3-dioxorane-2-on 
to react with each other. In the reaction, the reaction mixture 
was maintained at 25° C. room temperature while cooling 
occasionally. After completing the addition of amine, the 
reaction mixture was heated to 70° C. and maintained at that 
temperature for 5 hours. The thus-produced compound A 
was purified by distillation. As a result, it was confirmed that 
the compound A had a boiling point of 114° to 115° C. at 0.4 
Torr. The yield of the compound A was 159.6 g (99%) 

By using xylene as a reaction solvent, the compound A 
was reacted with benzaldehyde-dimethyl-acetal in the pres- 
ence of Amberlyst 15 as an acid catalyst at 130° C. at a molar 
ratio of 1:1. The produced water was removed in the form of 
an azeo trope while occasionally adding xylene to the reac- 
tion system, when 8 hours elapsed after the initiation of the 
reaction, the acid catalyst (Amberlyst 15) was removed by 
filtering and xylene was distilled off from the reaction 
system. The reaction mixture was further heated at reduced 
pressure (0.001 Torr) and thereafter a low molecular weight 
moiety thereof was removed at 160° C. by using a thin layer 
evaporator. 

REFERENCE EXAMPLE 2 

A resist composition composed of the following compo- 
nents was prepared: 



Poly(4-hydroxystyreoe-co-styrene) 5.67 g 
(Mw - 15,000) 

Polyacetal prepared in Reference 3.15 g 
Example 1 

a,a-Bis(p-chlorophenyl)diazomethane 0.18 g 

Propylene glycol monomethyl ether 2.76 g 
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-continued 

acetate (PGMEA) solution of 0.1 mmol/g 
acetic acid-triphenyl sulfonium 

PGMEA 41 g 



The mixture was stirred for one hour or more and then 
filtered by using 0.5 /mi and 0.2 /an-filters to remove 
particles. The resist solution was spin-coated on a silicon 

10 wafer or any other semiconductor substrate, and thereafter 
prebaked at 130° C. for 60 seconds to obtain a resist having 
a thickness of 0.746 /mi. The silicon wafer coated with the 
resist was selectively exposed to a KrF excimer-laser beam 
having a wave length of 248.4 nm by using a mask and a 

15 stepper having a numerical aperture of 0.5. The exposed 
resist was baked on a hot plate at 55° C. for 155 seconds, and 
then developed for 60 seconds with an alkali developer 
(containing 2.38% by weight of tetramethyl ammonium 
hydroxide) to dissolve the exposed portion of the resist 

20 material therein and remove it from the silicon substrate. As 
a result, a positive pattern of the resist material was obtained 
on the silicon substrate. The thus-obtained positive pattern 
had an aspect ratio of almost 90°, a resolution of 0.24 /an in 
line and space, an exposure energy of 32.1 mJ/cm 2 and a 

25 depth of focus of 0.9 /urn. at 0.3 pm in line and space. 

REFERENCE EXAMPLE 3 

The procedures of Reference Example 2 were repeated in 
the same manner as described except that the below- 
30 mentioned components were used to prepare a resist com- 
position. 



35 



Poly(4-hydroxystyrene-co-3-methyl- 


5.67 g 


4-hydroxystyrene) (Mw - 10,000, 




content of 4-hydroxystyrene: 60 mol %) 




Polyacetal prepared in 


3.15 g 


Reference Example 1 




a,a-bis(p-chlorophenyl)diazomethane 


0.136 g 


PGMEA solution of 0.1 mmol/g acetic acid- 


2.09 g 


triphenyl sulfonium 




PGMEA 


41 g 



The thus-obtained positive pattern had an aspect ratio of 
almost 90°, a resolution of 0.24 /mi in line and space, an 
45 exposure energy of 52 mJ/cm 2 and a depth of focus of 0.9 
pm at 0.3 /an in line and space. 

REFERENCE EXAMPLE 4 

The procedures of Reference Example 2 were repeated in 
50 the same manner as described except that the below- 
mentioned components were used to prepare a resist com- 
position. 



60 



Poly-(4-hydroxystyrenc-co-3-methyl- 


6.3 


g 


4-hydroxystyrene) (Mw = 15,000, 






content of 4-hydroxystyrenc: 65 mol %) 






Polyacetal prepared in 


2.7 


g 


Reference Example 1 






ct,a-bis(p-chlo rophen yl)diazome thane 


0.205 


g 


PGMEA solution of 0.1 mmol/g acetic 


4.05 


g 


acid-triphenyl sulfonium 






PGMEA 


41 


g 



The thus-obtained positive pattern had an aspect ratio of 
65 almost 90°, a resolution of 0.24 pm in line and space, an 
exposure energy of 52 mJ/cm 2 and a depth of focus of 0.9 
/mi at 0.3 pm in line and space. 
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REFERENCE EXAMPLE 5 



The procedures of Reference Example 2 were repeated in 
the same manner as described except that the below- 
mentioned components were used to prepare a resist com- 
position. 



Poly (4- hydroxy sty re ne-co-3-methyl- 


6.3 g 


4-hydroxystyrene) (Mw = 10,000, 




content of 4- hydroxy sty rene: 60 mol %) 




Polyacetal prepared in 


2-7 g 


Reference Example 1 




Hexafluoropropyl-sulfonic acid- 


0.205 g 


triphenyl-sulfonium 




PGMEA solution of 0.1 mmol/g acetic 


4.05 g 


acid-triphenyl sulfonium 




PGMEA 


41 g 



The thus-obtained positive pattern had an aspect ratio of 
almost 90°, a resolution of 0.24 ^m in line and space, an 
exposure energy of 52 mJ/cm 2 and a depth of focus of 0.9 
pan at 0.3 pan in hue and space. 

EXAMPLE 1 

A resist composition composed of the following compo- 
nents was prepared: 



Pol y (4- hydroxy sty rene-co-styrene) 


5.67 


g 


(Mw - 15;000; styrene content: 5 mol %) 






Polyacetal prepared in 


3.15 


g 


Reference Example 1 






a,a-bis(p-chlorophenyl)diazomethane 


0.18 


g 


PGMEA solution of 0.1 mmol/g acetic 


2.76 


g 


acid-triphenyl sulfonium 




Bis(2-hydroxyethyl) terephthalate 


0.0882 


g 


PGMEA 


40 


g 



The composition was stirred for one hour or more and 
then filtered by using 0.5 fiua- and 0.2 ^m-filters to remove 
solid particles. The thus-obtained resist solution was spin- 
coated on a silicon wafer or any other semiconductor 
substrate, and thereafter prebaked at 130° C. for 60 seconds 
to obtain a film-like resist material having a thickness of 
0.746 fan. The silicon wafer coated with the resist material 
was selectively exposed to a KrF excimer-laser beam having 
a wave length of 248.4 nm by using a mask and a stepper 
having a numerical aperture of 0.45. The exposed resist 
material was baked on a hot plate at 55° C. for 155 seconds, 
and then developed for 60 seconds with an alkali developer 
(containing 2.38% by weight of tetramethyl ammonium 
hydroxide) to dissolve the exposed portion of the resist 
material therein and remove it from the silicon substrate. As 
a result, a positive pattern of the resist material was obtained 
on the silicon substrate. The thus-obtained positive pattern 
had an aspect ratio of almost 90°, a resolution of 0.22 pan in 
line and space and a depth of focus of 1.5 pan at 0.3 /mi in 
line and space. 

EXAMPLE 2 

The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
ponents were used to prepare a resist composition. 



Poly (4- hydroxysty re ne-co- 3- methy 1- 
4-hydroxystyrene) (Mw - 10,000, 



5.67 g 



45 



50 
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content of 4-hydroxyslyrene: 60 mol %) 




Polyacetal prepared in 


3.15 g 


Reference Example 1 




a,a-bis(p-chlorophenyl)diazomethane 


0.136 g 


PGMEA solution of 0.1 mmol/g acetic 


Z09 g 


acid-triphenyl sulfonium 




Bis(2-hydroxyethyl) terephthalate 


0.0441 g 


PGMEA 


41 g 



10 



The thus-obtained positive pattern had an aspect ratio of 
90°, a resolution of 0.20 pan in line and space and a depth of 
focus of 1.7 pan at 0.3 pan in line and space. 

15 EXAMPLE 3 

The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
ponents were used to prepare a resist composition. 



20 



25 



Poly(4- hydroxysty re ne-co-3- meth yl - 
4-hydroxystyrene) (Mw - 15,000, 
content of 4-hydroxystyrene: 65 mol %) 
Polyacetal prepared in 
Reference Example 1 
^a,a-bis(t-butylphenyl)diazomethane 
PGMEA solution of 0.1 mmol/g acetic^ 
acid-triphenyl sulfonium 
Di-n-octyl Phthalate 
GMEA 



6.12 g 



2-7 g 

0.18 g 
2.76 g 

0.0882 g 
41 g 



30 



The thus-obtained positive pattern of the resist material 
had an aspect ratio of about 90°, a resolution of 0.20 pan in 
line and space and a depth of focus of 1.7 pan at 0.3 pan in 
line and space. 



35 



EXAMPLE 4 



The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
40 ponents were used to prepare a resist composition. 



Poly(4-hydroxystyrene-co-3-methyl- 


6.12 g 


4-hydroxystyrene) (Mw = 15,000, 




content of 4-hydroxystyrene: 65 mol %) 




Polyacetal prepared in 


2-7 g 


Reference Example 1 




Hexafluoropropyl-sulfonic acid- 


0.2 g 


triphenyl sulfonium 




PGMEA solution of 0.1 mmol/g acetic 


4 g 


acid-triphenyl sulfonium 


Bis(2-hydroxyethyl) terephthalate 


0.0882 g 


PGMEA 


41 g 



The thus-obtained positive pattern of the resist material 
had an aspect ratio of about 90°, a resolution of 0.20 pan in 
55 line and space and a depth of focus of 1.7 jum at 0.3 pan in 
line and space. 

EXAMPLE 5 

60 The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
ponents were used to prepare a resist composition. 



65 



Poly(4-hydroxystyrene-co-3-methyl- 
4-hydroxystyrene) (Mw - 15,000; 
content of 4-hydroxystyrene: 65 mol %) 



5.94 g 
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Polyacetal prepared in 2.7 g 
Reference Example 1 

Hexafluoropropyl-sulfonic acid- 0.2 g 
triphenyl sulfonium 

PGMEA solution of 0.1 mmol/g acetic 4 g 
acid- triphenyl sulfonium 

Bis(2-hydroxyethyl) terephthalate 0.0441 g 

PGMEA 41 g 



The thus-obtained positive pattern of the resist material 
had an aspect ratio of about 90°, a resolution of 0.20 fim in 
line and space and a depth of focus of 1.7 jum at 0.3 fjm in 
line and space. 
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EXAMPLE 6 

The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
ponents were used to prepare a resist composition. 



Poly-(4-hydroxystyrene-co-3-methyl- 


5.94 g 


4-hydroxystyrene) (Mw - 15,000; 




content of 4-hydroxystyrene: 65 mol %) 




Polyacetal prepared in 


2-7 g 


Reference Example 1 




Hexafluoropropyl-sulfonic acid- 


0-2 g 


triphenyl sulfonium 




n-Hexyl benzoate 


0.0864 g 


PGMEA solution of 0.1 mmol/g acetic 


4g 


acid-trip henyl sulfonium 




PGMEA 


41 g 



The thus-obtained positive pattern of the resist material 
had an aspect ratio of about 90°, a resolution of 0.20 jum in 
line and space and a depth of focus of 1.7 /mi at 0.3 fjm in 
line and space. 

EXAMPLE 7 

The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
ponents were used to prepare a resist composition. 



40 



Poly(4-hydroxystyrene-co-3-methyl- 


5.67 g 


4-hydroxystyrene) (Mw = 15,000; 




content of 4-hydroxystyrene: 65 mol %) 




Polyacetal prepared in 


3.15 g 


Reference Example 1 




a,a-bis(p-chlorophenyl)diazomethane 


0.18 g 


PGMEA solution of 0.1 mmol/g acetic 




acid-trip henyl sulfonium 


2.76 g 


n-Hexyl benzoate 


0.0882 g 


PGMEA 


40 g 



The thus-obtained positive pattern of the resist material 
had an aspect ratio of about 90°, a resolution of 0.20 fim in 
line and space and a depth of focus of 1.7 fim at 0.3 /*m in 
line and space. 

EXAMPLE 8 

The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
ponents were used to prepare a resist composition. 



60 



Poly(4-hydroxystyrene-co-styrene) 

(Mw - 15,000; styrene content: 5 mol %) 



6.12 g 
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Polyacetal prepared in 2.7 g 
Reference Example 1 

a,a-bis(p-chlorophenyl)dia2omethane 0.18 g 

PGMEA solution of 0.1 mmol/g acetic 2.76 g 
acid-triphenyl sulfonium 

Di-n-octyl terephthalate 0.1764 g 

PGMEA 40 g 



The thus-obtained positive pattern of the resist material 
had an aspect ratio of about 90°, a resolution of 0.20 fim in 
line and space and a depth of focus of 1.7 at 0.3 /ma in 
line and space. 



15 EXAMPLE 9 

The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
ponents were used to prepare a resist composition. 



20 



25 



Poly(4-h ydroxys tyrene-co-3- meth yl- 


6.12 g 


4-hydroxystyrene) (Mw - 15,000; content 




of 4-hydroxystyrene: 65 mol %) 




Polyacetal prepared in 


2-7 g 


Reference Example 1 




a,a-bis (p-chlorophenyl)diazomethane 


0.18 g 


PGMEA solution of 0.1 mmol/g acetic 


2.76 g 


acid-triphenyl sulfonium 




Di-n-octyl terephthalate 


0.1764 g 


PGMEA 


40 g 



30 



35 



The thus-obtained positive pattern of the resist material 
had an aspect ratio of about 90°, a resolution of 0.20 fim in 
line and space and a depth of focus of 1.5 //m at 0.3 /mi in 
line and space. 



45 



EXAMPLE 10 

The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
ponents were used to prepare a resist composition. 



Poly(4-hydroxystyrene) 6.12 g 

Polyacetal prepared in 2.7 g 
Reference Example 1 

a,a-bis(p-chlorophenyl)diazomethane 0.18 g 

PGMEA solution of 0.1 mmol/g acetic 2.76 g 
acid-triphenyl sulfonium 

Bis(2-hydroxyethyl) terephthalate 0.1764 g 

PGMEA ! ^ g 



50 



The thus-obtained positive pattern of the resist material 
had an aspect ratio of about 90°, a resolution of 0.20 fjtm in 
line and space and a depth of focus of 1.5 /mi at 0.3 /an in 
line and space. 



55 



65 



EXAMPLE 11 

The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
ponents were used to prepare a resist composition. 



Poly-(4-hydroxystyrene-co-t-butyloxy 6.12 g 

carbonyloxystyrene) (Mw - 14,000; 

content of 4-hydroxystyrene: 90 mol %) 

Polyacetal prepared in 2.0 g 

Reference Example 1 . 

a,a-bis(p-chlorophenyl)diazo methane 0.18 g 
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PGMEA solution of 0.1 mmol/g acetic 2.76 g 
acid-triphenyl sulfonium 

Bis(2-hydroxyethyl) terephthalate 0.0812 g 

PGMEA 40 g 



The thus-obtained positive pattern of the resist material 
had an aspect ratio of about 90°, a resolution of 0.20 fim in 
line and space and a depth of focus of 1.5 //m at 0.3 fan in 
line and space. 

EXAMPLE 12 

The procedures of Example 1 were repeated in the same 
manner as described except that the below-mentioned com- 
ponents were used to prepare a resist composition. 



Poly-(4-hydroxystyrene-co-3-methyl- 


6.12 g 


4-hydroxystyrene) (Mw = 15,000; content 
of 4-hydroxystyrene: 65 mol %) 






2,2-b is(p-t-butoxycarbony 1- 


2-7 g 


oxyphenyl)propane 




a,a-bis(t-butylphenyl)diazomethane 


0.18 g 


PGMEA solution of 0.1 mmol/g acetic 


2.76 g 


acid-triphenyl sulfonium 




Bis(2-hydroxyethyl) terephthalate 


0.0882 g 


PGMEA 


41 g 
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The thus-obtained positive pattern of the resist material 
had an aspect ratio (wall angle) of 87°, a resolution of 0.24 
{im in line and space and a depth of focus of 1.4 /*m at 0.3 
/an in line and space. 

As is inferred from comparison between Reference 
Examples 2 to 5 and Examples 1 to 12, it is confirmed that 
the radiation-sensitive (resist) composition containing the 
plasticizer (component (e)) according to the present inven- 
tion exhibits improved resolution and depth of focus. 

Thus, the radiation-sensitive composition according to the 
present invention has a good adhesion to a substrate and is 
superior in resolution, focus latitude, heat resistance and 
etching stability, whereby the composition is suitably 
applied to a semiconductor manufacturing process in which 
a pattern in the from of printed line and space can be formed 
on a substrate such as a silicon wafer by using a KrF 
excimer-laser beam. 

The invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof. The present embodiments are therefore to be con- 
sidered in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended 
claims rather than by the foregoing description, and all the 
changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

What is claimed is: 

1. A radiation-sensitive composition comprising: 

(a) a binder insoluble in water but soluble in or capable of 
being swelled in an aqueous alkali solution; 

(b) at least one of a (bl) a crosslinking agent or (b2) a 
dissolution inhibitor composed of (b21) a poly(N,0- 
acetal) having the following formula (I): 



25 
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( — CHR 3 — O — R 4 — X — NR 5 — ) 



wherein R 3 stands for an alkyl group or a substituted or 
unsubstituted aryl group, R 4 stands for a divalent group 
selected from the group consisting of an alkylene 
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(0 



group, a cycloalkylene group, an alkene group and an 
alkyne group, R 5 stands for an alkyl group, an alkene 
group, an alkyne group or a cycloalkyl group, X stands 
for — OCO — , — CO— or — NHCO— , and p is a 
number not less than 1, and/or (b22) a phenol com- 
pound having a hydroxyl group which is protected by 
a group which can be cleaved in the presence of an 
acid; 

(c) a photosensitive compound capable of generating an 
acid when exposed to an active radiation; 

(d) a base capable of being decomposed when exposed to 
an active radiation to form a neutral compound derived 
therefrom; 

(e) a plasticizer which comprises a compound of the 
following formula (II): 



o 
II 

(COR)„ 



(ID 



wherein R stands for a substituted or unsubstituted 
alkyl group having 1 to 20 carbon atoms and n is a 
number of 1 or 2; and 
(f) a solvent. 

2. The radiation -sensitive composition according to claim 
1, wherein said plasticizer is bis(2-hydroxyethyl) 
terephthalate, di-n-octyl phthalate, or n-hexyl benzoate. 

3. The radiation-sensitive composition according to claim 
1, wherein the content of said plasticizer is in the range of 
1 to 5% by weight based on a total solid content of the 
composition. 

4. A method of using the radiation-sensitive composition 
according to claim 1, comprising applying the composition 
on a substrate to form a film, exposing the film, and 
developing the exposed film to form a pattern. 

5. The radiation-sensitive composition according to claim 
1, which comprises said dissolution inhibitor (b2). 

6. The radiation-sensitive composition according to claim 
1, which comprises said crosslinking agent (bl). 

7. The radiation-sensitive composition according to claim 
1, wherein the binder comprises a homopolymer or copoly- 
mer of 4-hydroxystyrene. 

8. The radiation-sensitive composition according to claim 
1, which comprises said dissolution inhibitor (b21). 

9. The radiation-sensitive composition according to claim 
1, which comprises said dissolution inhibitor (b22). 

10. A radiation-sensitive composition comprising: 

(a) a binder insoluble in water but soluble in or capable of 
being swelled in an aqueous alkali solution, said binder 
containing a phenol group whose hydroxyl group is 
protected by a group which can be cleaved in the 
presence of an acid; 

(c) a photosensitive compound capable of generating an 
acid when exposed to an active radiation; 

(d) a base capable of being decomposed when exposed to 
an active radiation to form a neutral compound derived 
therefrom; 

(e) a plasticizer which comprises a compound of the 
following formula (II): 
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wherein R stands for a substituted or unsubstituted 
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alkyl group having 1 to 20 carbon atoms and n is a 
number of 1 or 2; and 
(f) a solvent. 

11. The radiation-sensitive composition according to 
claim 10, wherein said plasticizer is bis(2-hydroxyethyl) 
terephthalate, di-n-octyl phthalate, or n-hexyl benzoate. 

12. Amethod of using the radiation-sensitive composition 
according to claim 10, comprising applying the composition 
on a substrate to form a film, exposing the film, and 
developing the exposed film to form a pattern. 
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13. The radiation-sensitive composition according sto 
claim 10, wherein the binder comprises a homopolymer or 
copolymer of 4-hydroxystyrene. 

14. The radiation-sensitive composition according to 
claim 10, wherein the content of said plasticizer is in the 
range of 1 to 5% by weight based on a total solid content of 
the composition. 
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